Background {#s1}
==========

Multiple Sclerosis (MS) is a chronic inflammatory disease that affects the central nervous system (CNS) and causes demyelination and neuronal loss, leading to axonal dysfunction. Over the past decade there has been a considerable amount of discussion about whether immune-mediated myelin damage is a primary or secondary event for axon degeneration in MS. Previous investigations have demonstrated that axonal loss is a consequence of inflammatory demyelination in neurodegenerative diseases. In an early relapsing remitting phase of MS, the disease process targets myelin, which is followed by axonal transection in a secondary progressive stage that causes irreversible neurological disability. However, recent *in vivo* imaging studies using optical coherence tomography (OCT) have shown that neurons in the retina that lack myelin sheath degenerate as well, suggesting that neurodegeneration ensues in demyelinated areas of the CNS.^[@R1]^ Reduced thickness of the retinal layer as observed by OCT in MS patients affected with optic neuritis further support the notion that damaged neurons in the retina contribute to the functional deficits in MS.^[@R2]^ Optic neuritis is an inflammatory condition of the optic nerve that undergoes demyelination and neurodegeneration.

Animal models of experimental autoimmune encephalomyelitis (EAE) are very useful for studying the pathogenesis of MS. Because the disease course and clinical symptoms of MS patients are distinct, many well-characterized EAE models have been established. Induction of EAE often results in the development of optic neuritis. One study showed that when animals were sensitized with proteolipid protein, optic neuritis developed by day 17 post-immunization (p.i.).^[@R3]^ In another model, immunization of animals with myelin oligodendrocyte glycoprotein (MOG) produced inflammation of the optic nerve.^[@R4]^ In this report, Fairless *et al*. assessed the relationship between immune response and neurodegeneration in a rat model before observable symptoms of optic neuritis developed.

Study Design {#s2}
============

To induce EAE, the authors immunized the animals with MOG, which resulted in clinical symptoms of both MS and optic neuritis. Retinal ganglion cells (RGCs) were quantified at different time points during the induction phase of the disease. In order to obtain an exact RGC count, axotomy of the optic nerve was performed, which prevented contamination of RGC with other non-neuronal cells. Fluorescence microscopy revealed a significant reduction in RGC count as early as day 5 p.i. In addition, visualization of apoptotic cells in the ganglion cell layer on day 5 p.i. further supported the hypothesis that ganglion cells degenerate before the onset of the disease. Together, these data suggested that neurodegenerative events precede the inflammatory processes.

During the preclinical phase of the disease, histopathological analysis did not detect axon degeneration, beta-amyloid precursor protein (β-APP) accumulation, or demyelination of the optic nerves. However, at the ultrastructural level, axon density was reported to be compromised on day 7 p.i. Moreover, retracted axons with surplus vacuoles were observed before the manifestation of the disease. It is intriguing that intact myelin surrounded transected axons, which suggests that demyelination might be the consequence of axon degeneration. To evaluate the cellular arm of adaptive immunity, immunohistochemistry of CD 3 positive T cells was performed. The results showed that these cells do not infiltrate into the CNS parenchyma until disease onset. Absense of infiltrated immune cells in central nervous system during the induction phase suggested inflammation to be a secondary event to neurodegeneration. However, some of these inflammatory infiltrates were visualized in the optic nerve meninges and choroid tissue. Since these meningeal T cells correlate with the numbers of activated microglia, the authors suggest their role in stimulating the innate immunity. In contrast the humoral arm of adaptive immunity was assessed by measuring antibodies directed against myelin derived protein in blood and optic nerve tissue. Significant levels of antibodies were found on day 10 p.i. in the optic nerve head indicating that the blood brain barrier (BBB) was incomplete in this area (Fairless *et al*., 2012). Absence of T cell infiltrates and antibodies in the central nervous system indicated that the BBB integrity was not compromised during the induction phase of the disease. One should mention here that other than T cells and B cells producing antibodies, evaluation of complement proteins activated as a result of neuronal injury would have revealed additional insight into disease pathology. In secondary progressive MS patients, the opsonin C3d was shown to be deposited in demyelinated areas that provided evidence for its contribution to disease progression as well as acute inflammation.^[@R5]^ In addition activated complement protein products such as C9neo and C3d too are found exclusively in areas of active demyelination and MS brains.^[@R6]^

The authors in this report showed that BBB integrity was not disrupted until the disease onset but increased with disease progression. To examine the integrity of the BBB further, the authors studied albumin leakage and the expression of astrocyte marker and tight junction protein that form part of the barrier. Albumin extravasation into the central nervous system was not apparent in the induction phase. However, the astrocyte marker such as aquaporin 4 showed an irregular staining on day 10 p.i. which may be the result of dysregulated expression of occludin, a tight junction protein on day 10 p.i. Blood retinal barrier (BRB) integrity on the other hand was disrupted during the preclinical phase of the disease. This is supported by the findings that small amounts of albumin diffused through the barrier as early as day 5 p.i. and was observed in larger amounts as the preclinical phase continued. As early as day 5 p.i. astrocyte marker glial fibrillary acidic protein (GFAP) was expressed in significantly higher amounts indicating astrocyte reactivity. Surprisingly, the authors did not determine GFAP expression while assessing BBB integrity.

On day 5 p.i. the authors observed a significantly elevated expression of CD 68 marker on activated microglia and macrophages suggesting that resident cells of the central nervous system were activated along with RGC degeneration during the induction phase. In summary, Fairless *et al*. 'using an animal model of MS, show that RGC bodies degenerate early in the course of the disease preceding other events such as demyelination and inflammation. At the ultrastructural level, signs of axon degeneration were visualized in the retina when significant number of RGC bodies were found to have declined. These findings suggest that the trigger that likely initiates the disease process appears to develop within the retina. In addition, myelin destruction as a result of immune cell infiltration into the central nervous system was evident at a much later stage. The resident cells of the central nervous system comprising of microglia and macrophages were found activated in the preclinical phase of the disease. It should be noted here that small numbers of meningeal T cell infiltrates observed in early period might be responsible for stimulating the resident immune cells and subsequently targeting ganglion cell bodies and their axons in the retina. Hence, the mechanism that promotes neurodegeneration may be due to the activation of either the innate immunity or adaptive immunity.

Implications {#s3}
============

In conclusion, it remains elusive whether MS should be considered primarily a demyelinating or neurodegenerative disease. Although there is a strong body of evidence suggesting demyelination being the primary contributor to pathogenesis of MS because many recent studies have reported neuronal loss in myelin deficient retina. The findings of this study describe a critical role of innate immunity mediating the process of neurodegeneration in the preclinical phase of the disease. This led the authors to conclude that early inflammatory changes may begin the process of neurodegeneration in the retina before major clinical symptoms of the disease exacerbates. Further investigation confirming and extending the concept of innate immunity as the primary driving force is warranted.
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